Background: Part of the pathophysiology in septic shock is a progressive activation of the endothelium and platelets leading to widespread microvascular injury with capillary leakage, microthrombi and consumption coagulopathy. Modulating the inflammatory response of endothelium and thrombocytes might attenuate this vicious cycle and improve outcome. Method: The CO-ILEPSS trial was a randomised, placebo-controlled, double-blind, pilot trial. Patients admitted to the intensive care unit with septic shock were randomised and allocated in a 2:1 ratio to active treatment with dual therapy of iloprost 1 ng/kg/min and eptifibatide 0.5 μg/kg/min for 48 h or placebo. The primary outcomes were changes in biomarkers reflecting endothelial activation and disruption, platelet consumption and fibrinolysis. We compared groups with mixed models, post hoc Wilcoxon signed-rank test and Mann-Whitney U test.
Introduction
Septic shock is a leading cause of death in the intensive care unit (ICU) with mortality rates above 40% [1, 2] . Treatment strategies consist of early recognition and diagnosis to facilitate timely initiation of antibiotic therapy and supportive care [3] . A series of pathogenic events are responsible for the transition from sepsis to septic shock. The initial reaction to infection is a neurohumoral, generalised pro-and anti-inflammatory response [4, 5] resulting in mobilisation and/or "spill over" of plasma substances and excessive cellular, coagulation and endothelial activation. The proinflammatory response induces widespread endothelial and microvascular injury resulting in disseminated intravascular coagulation with microvascular thrombosis, consumptive thrombocytopenia, coagulopathy, bleeding and a loss of endothelial integrity ultimately leading to capillary leakage, tissue oedema, tissue ischaemia and shock [5] [6] [7] . In the later stages of sepsis, immunodeficiency is a critical component of the pathology that causes multiple organ failure and death [8] .
There are three major pathogenic pathways associated with the coagulopathy in sepsis: (1) tissue factor-mediated thrombin generation, (2) dysfunctional anticoagulant pathways and (3) blocked fibrinolysis [9] . Treatment strategies aimed at reducing coagulation activation with antithrombin [10] , tissue factor pathway inhibitor [11] and activated Protein C [12, 13] have all failed to show improved survival in large clinical trials refuting this as a pathophysiological explanation.
The platelets and endothelium are interdependent in the vicious cycle of endothelial damage, microcirculatory failure, consumptive thrombocytopenia, coagulopathy, bleeding, immunodeficiency, tissue ischaemia, shock, organ failure and death, in patients with severe sepsis/septic shock. Selective targeting of either platelets or the endothelium may be sufficient to prevent the progressively more activated and damaged endothelium and activation of the platelets [14] .
Prostacyclin is an endogenously produced molecule with anti-platelet, vasodilatory and cytoprotective properties released from the healthy endothelium as part of the natural anticoagulation system [15] . Intravenous prostacyclin in doses of 0.5-2.0 ng/kg/min has been reported to be successful at achieving endothelial modulating/preserving effects in patients with traumatic brain injury, without significant haemodynamic or platelet aggregation complications [16, 17] .
Eptifibatide is a platelet glycoprotein (GP) IIb/IIIa receptor inhibitor that prohibits clot development in a predictable and easy controllable way. Inhibition of the GPIIb/IIIa receptor does not alter the paracrine function of platelets, which is considered a crucial part of maintaining vascular integrity and preventing haemorrhage in conditions with inflammation [18, 19] . Animal studies have reported that treatment with GPIIb/IIIa inhibitor protects against endothelial dysfunction in experimental endotoxemia [20, 21] . Furthermore, casuistic findings have shown that GPIIb/IIIa inhibition leads to clinically relevant thrombolysis in patients with mechanical prosthetic mitral valve thrombosis [22, 23] .
The objective of the CO-ILEPSS trial was to investigate safety and efficacy of a combined infusion of lowdose prostacyclin (iloprost) and GPIIb/IIIa inhibitor (eptifibatide) for 48 h in patients with septic shock. We hypothesised that this dual treatment with iloprost and eptifibatide would deactivate the endothelium and restore vascular integrity, reduce formation of microvascular thrombosis and dissolve existing thrombi in the microcirculation and maintain platelet counts leading to improved platelet-mediated immune function and reduced risk of bleeding. Compared to the standard treatment (placebo), this was expected to translate into reduced organ failure and improved outcome in patients with septic shock.
Methods

Design
The CO-ILEPSS trial was an investigator-initiated singlecentre randomised, placebo-controlled, double-blind phase 2a trial in patients with septic shock.
The trial was conducted from October 2014 to May 2016, and there were no significant changes to the trial protocol during the course of the trial. The trial is reported in accordance with the CONSORT statement [24] , and a populated CONSORT checklist is available in Additional file 1. The trial was approved by the regional ethics committee, and all patients and/or their next of kin gave informed consent to participate. The full trial protocol is available in Additional file 2.
Participants
Patients were allocated in a 2:1 ratio with 15 intentionto-treat (ITT) patients allocated to active treatment and 9 ITT patients allocated to control treatment (placebo). Patients who dropped out or were withdrawn from the trial prior to day 7 were replaced to ensure adequate data points, and 12 active treatment and 6 placebo patients, respectively, were treated as per protocol (PP). To replace patients, who were withdrawn, unblinded trial personal added envelopes containing the same allocation as the ones who dropped out and we recruited and rerandomised new patients.
We screened patients admitted to the intensive care unit (ICU) at Nordsjaellands Hospital (NOH) during the inclusion period. Patients were screened within 24 h of admission according to the following inclusion criteria: -Can be randomised into trial and dosed < 24 h after septic shock diagnosis (the time point for the septic shock diagnosis corresponds to the time point where the vasopressor/inotropic therapy is initiated) and -Consent is obtainable A full description of the inclusion and exclusion criteria is provided in Additional file 3.
Randomisation
The random allocation sequence was computer generated, and allocation pages were packed in sealed opaque envelopes. The envelopes were prepared by the principal investigator (SRO) at Rigshospitalet (RH) and delivered at the trial site NOH. At NOH, the envelopes were stored in a locked office at the post-anaesthesia care unit (PACU) located in a separate building from the ICU. The local investigators (REB and MHB) did not have access to this office. When a patient fulfilled inclusion criteria and consent had been obtained, randomisation was done by placing a phone call from the ICU to a nurse at the PACU. The nurse then opened the next envelope in line and prepared the trial drug or placebo according to the instructions. Syringes containing trial drug or placebo drug were then delivered to the investigator (REB) at the ICU where trial treatment was initiated.
Intervention
Patients allocated to the active treatment arm received dual infusions of prostacyclin (iloprost) 1.0 ng/kg/min and GPIIb/IIIa inhibitor (eptifibatide) 0.5 μg/kg/min for 48 h. Iloprost and eptifibatide were both diluted in saline to a concentration with which the targeted treatment was achieved with an infusion of 4 ml/h. Treatment in the placebo group consisted of dual infusions of normal saline 4 ml/h for 48 h. The infusions of both active and placebo treatment were given either in two separate legs of a central venous catheter or in two separate peripheral venous catheters.
Outcomes
The primary outcome of the CO-ILEPSS trial was divided in three different measures. These were: 1) Change in biomarkers indicative of endothelial activation and damage (sE-selectin, syndecan-1, soluble thrombomodulin (sTM), sVE-cadherin, nucleosomes, vascular endothelial growth factor (VEGF) and soluble vascular endothelial growth factor receptor 1 (sVEGFR1)) from baseline to 48 h post-randomisation 2) Change in platelet count from baseline to 48 h post-randomisation 3) Change in D-dimer and fibrin split products indicative of fibrinolysis (fibrin monomer complex, fibrin degradation products, D-dimer) from baseline to 48 h post-randomisation.
The reason for having three primary sub-endpoints was that they reflect different effects of active treatment on the vascular system that we wished to evaluate, i.e. endothelial activation, platelet consumption and fibrinolysis.
Secondary outcomes included severe bleeding (intracranial or clinical bleeding with the use of 3 RBC units or more/24 h); use of blood products in the ICU post-randomisation; mortality at days 7, 30 and 90; changes in Sequential Organ Failure Assessment (SOFA) score from baseline; and days of vasopressor, mechanical ventilation and renal replacement therapy (RRT) post-randomisation.
Sample size/power calculation
The sample size for the CO-ILEPSS trial was not based upon a power calculation because there were no available data on the specific active dual drug therapy vs placebo in patients with septic shock.
However, in a previous study of safety and efficacy of prostacyclin vs placebo in patients undergoing Whipple surgery, post-operative levels of sVE-cadherin increased 1978 ± 461 pg/ml in the placebo group [25] . Based on this, we would be able to detect a difference of 33% in sVE-cadherin increase between groups with 12 patients in the active treatment group vs 6 patients in the placebo group, with a power of 0.8 and an alfa of 0.05.
Blinding
The CO-ILEPSS trial was a double-blind, placebo-controlled trial, and all participants, next of kin, caregivers, investigators and sponsors were blinded for the trial allocation.
Both trial medications were colourless when diluted in saline, and it was impossible to distinguish the syringes with trial medicine from those with saline. Since the number of patients in the different groups was unequal, it was not possible to maintain blinding during the statistical analyses, but these were conducted according to the statistical analysis plan generated as part of the trial protocol.
Biomarker analyses
Blood samples for the analyses of biomarkers were drawn pre-study drug/placebo administration, post 6 h, 24 h, 48 h, 72 h and 120 h. All samples were transferred to the local Blood Bank at the trial site for further processing (centrifugation, plasma aliquoting and freezing) and stored at − 80°C for later analyses at the Dept. of Clinical Immunology, Blood Bank, Copenhagen University Hospital, Rigshospitalet. In brief, biomarkers were analysed by commercially available enzyme-linked immunosorbent assay (ELISA) according to the manufacturer's recommendations: Syndecan-1 (Diaclone SAS, Besancon, France; lower limit of detection (LLD) 4.94 ng/ml), soluble thrombomodulin (sTM, Diaclone SAS, Besancon, France; LLD 0.31 ng/ml), soluble E-selectin (sE-selectin, sCD62E, Diaclone SAS, Besancon, France; LLD < 0.5 ng/ml), vascular endothelial (VE) cadherin (VE-cadherin, R&D Systems, Europe, Ltd., Abingdon, UK; LLD 0.113 ng/ml), vascular endothelial growth factor (VEGF, R&D Systems, Europe, Ltd., Abingdon, UK; LLD 9 pg/ml), histone-associated DNA fragments (nucleosomes, Cell Death Detection ELISA PLUS , Roche Diagnostics GmbH, Mannheim, Germany; LLD relative percentage with a maximal standard included), fibrin monomer complex (Biocompare, LLD 1.56 μg/ml); fibrin degradation product (Cloud-Clone Corp., Houston, USA; LLD 0.69 ng/ml), and D-dimer (Sekisui Diagnostics, LLC, Stanford, CT, USA; LLD 2-4 ng/ml).
Statistical analysis
Summary statistics of continuous variables are presented as median with interquartile range (IQR). Summary statistics of frequency tables are presented as n (%)
Secondary outcomes were analysed on an ITT basis. The differences between treatment groups for categorical data were evaluated with McNemar's test (change over time), frequency tables and chi-square statistics. The difference between treatment groups for continuous data was evaluated using the analysis of variance (mixed model) followed by post hoc pairwise comparisons of means. If the assumption of normality was not fulfilled, non-parametric test and Wilcoxon rank-sum test were used. Statistical analysis was performed using SAS 9.1.3 SP4 (SAS Institute Inc., Cary, NC, US).
Results
During the study period, we screened 509 patients and included 24. Most patients were excluded due to the absence of septic shock or completed/scheduled surgery within ± 48 h. Of the included patients, two patients were withdrawn prior to initiation of trial treatment, and four patients were withdrawn prior to day 7 (Fig. 1) . These six patients were replaced in the trial. Reasons for withdrawal were incorrect inclusion (1), emergency surgery (1), transfer to another ICU (1), therapeutic anticoagulation therapy (2) and treatment with inhaled prostacyclin (1). Table 1 shows baseline characteristics, use of organ supportive therapy and outcomes of patients included in the PP analyses. Only alkaline phosphatase was significantly different between groups at baseline, and it is worth noting that the disease severity was considerable with SOFA scores of 8-10, SAPS II scores of 46-48 and an observed 90-day mortality of 25-50%.
Primary outcomes
The PP primary analysis included data from the 18 patients (12 active and 6 placebo) who completed the full 7 days of the trial.
Endothelial disruption biomarkers
At baseline, sVE-cadherin was significantly higher in the placebo group (p = 0.047) (Fig. 2a) . Apart from this, there were no differences in the measured biomarkers between groups at baseline or at any time point during the 5-day follow-up ( Fig. 2a-f ). There were, however, differences in the within-group changes over time: At 6 h, there was a significant increase in both sTM (p = 0.03) and nucleosomes (p = 0.02) (Fig. 2b, c) only in the placebo group. Furthermore, in the placebo group, there was a tendency towards increasing levels of nucleosomes for up to 72 h (p = 0.06) (Fig. 2c) .
At 48 h and throughout day 5, there was a significant decrease in sE-Selectin (p = 0.007) and sVEGFR1 (p = 0.005) only in the active treatment group (Fig. 2d, e) .
Platelet count
The platelet count did not differ significantly between groups at any time point during the trial. Similarly to the endothelial disruption biomarkers, there were differences in the within-group changes over time with a decline from baseline to 48 h only in the placebo group (p = 0.049) and an increase from baseline to day 7 only in the active treatment group (p = 0.023) (Fig. 3a) . 
Fibrinolytic biomarkers
D-dimer and fibrinogen degradation products were similar in both groups (Fig. 3b, c) . Levels of fibrin monomers were higher in the active treatment group than in the placebo group at baseline. Comparison of within-group delta values showed a significant decline within the first 48 h (p = 0.048) and onwards only in the active treatment group (time effect p = 0.04) (Fig. 3d) .
Secondary outcomes
In the ITT secondary analyses, a total of 24 patients (15 active and 9 placebo) were included.
All secondary endpoints including safety measures of bleeding, use of blood products in the ICU and mortality were comparable between groups (Additional file 5). Additionally, there was no difference in the occurrences of serious adverse events (SAEs) between groups and there were no suspected unexpected serious adverse reactions (SUSARs) in either group. Occurrences of SAEs and reasons for withdrawal and exclusions are summarised in Table 2 .
Comparison of within-group changes over time revealed a significant reduction in SOFA score at 48 h (p = 0.024) and onwards in the active treatment group, but not in the placebo group.
Discussion
Main findings
Dual therapy with iloprost and eptifibatide for 48 h in patients with septic shock had no significant effect on absolute values of biomarker levels compared to placebo treatment.
Analysis of within-group changes over time revealed biomarker changes indicative of reduced endothelial Vasopressor days, n (%) 5 (5-5) 5 (4-5)
Vasopressor-free days, n (%) 25 (24) (25) 25 (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) Discharged to admitting dept., n (%) 9 (75%) 3 (50%)
Discharged to other hosp., n (%) 90-day mortality, n (%) 3 (25%) 3 (50%)
IQR interquartile range, BMI body mass index, CNS central nervous system, SOFA Sequential Organ Failure Assessment, SAPS II Simplified Acute Physiology Score II, INR international normalised ratio, ALAT alanine aminotransferase, RRT renal replacement therapy, ICU intensive care unit, NS non-significant injury, reduced fibrinolysis and reduced platelet consumption in the active treatment group. This was accompanied by an overall decline in SOFA score from 48 h and onwards that was not observed in the placebotreated patients. Additionally, the trial treatment was not associated with increased bleeding or the use of blood products as compared to placebo.
Endothelial injury
Taken together, the observed changes in sTM, nucleosomes, sE-selectin, VEGF and sVEGFR1 could reflect reduced levels of endothelial activation, disruption and cell damage. Prostacyclin doses, corresponding to the low dose chosen for this trial (1.0 ng/kg/min), have previously been demonstrated not to increase bleeding risk or haematoma size in patients with traumatic brain injury [17] and to reduce the need for blood transfusion in patients undergoing Whipple surgery due to pancreatic cancer [25] . Our results are in alignment with these former trials which also demonstrated beneficial effects of iloprost on vascular integrity in critically ill patients reflected by similar changes in sE-selectin, sTM and nucleosomes [17, 25, 26] .
Endothelial protection could be ascribed to the cytoprotective effects of prostacyclin, which in its endogenous form induces a reduction in inflammation and stabilisation of lysosomal and cell membranes [27] . The dose of 1.0 ng/kg/min is approximately five-to tenfold higher than the normal endogenous production of prostacyclin from the healthy endothelium [28] , and we expected this to restore vascular integrity in septic patients with endothelial injury and dysfunction. The clinical impact of within-group changes in these biomarkers remains to be seen, but observational data have linked increased levels of sTM to reduced survival in patients with septic shock [29] .
Platelet protection and thrombotic activity
The increasing platelet count in the active treatment group could indicate protective effect against platelet consumption. In a previous study by Link et al., it was demonstrated that administration of a platelet GPIIb/IIIa receptor inhibitor in combination with unfractionated heparin for 96 h was tolerated in patients with cardiogenic shock and need for dialysis. Importantly, in this study, treatment with the GPIIb/IIIa receptor inhibitor was not associated with increased bleeding but was rather associated with a significantly lower number of platelet transfusions and a higher, maintained platelet count, as compared to controls anticoagulated with heparin alone [30] . This finding of preserved platelet count is in accordance with the finding in our study.
In addition to preserved platelet counts, the inhibition of platelet-monocyte aggregation might have an anti-inflammatory effect, and thus serve to protect the endothelium and microvasculature [31] . A reduced thrombotic activity was reflected in declining levels of fibrin monomers in the active treatment group.
Safety
The individual doses of iloprost and eptifibatide selected for this trial are lower than the recommended doses for their respective approved indications. The dosages chosen for the current trial are in alignment with doses that have been reported to result in the desired effect for each agent without causing significant adverse side effects [17, 25, 30] .
The safety of the co-administration of eptifibatide and iloprost in a dose comparable to the dose applied in the present study (eptifibatide 0.5 μg/kg/min + iloprost 1.0 ng/kg/min infused for 24 h) is supported by a completed phase I/II trial in patients undergoing primary PCI due to ST-elevated myocardial infarct [26] . This trial found no bleeding-related adverse events, and no treatment-related adverse events occurred.
Limitations
Our main inclusion criterion was septic shock defined as the use of norepinephrine in patients with sepsis. This ensured that the screening and inclusion process was rather pragmatic and easy to perform, but we might have limited the potential effect of our intervention, since it is not given that all patients with septic shock have equal degrees of endothelial dysfunction and/or consumption coagulopathy. If we had used one or more specific markers in our screening, we might have been able to show higher efficacy of our trial treatment.
The CO-ILEPSS pilot trial is exploratory and hypothesis generating. Our small sample size and the single-centre design limit both external validity and the ability to draw any definitive conclusions from our results. The lack of a power calculation might have limited our ability to detect a difference in our primary outcome. Furthermore, our primary outcome is a composite of three categories of biomarkers with a total of 11 sub-components, which poses a problem of multiplicity.
